The assumption [1] that there exist two excited tautomeric forms of umbelliferone in ethanolaqueous solutions is compared with experimental results. Agreement is achived by assuming that the equilibrium between the two forms is dependent on the polarity of the solvent.
Introduction
Paper [1] , presents the umbelliferone emission and absorption spectra in ethanol-aqueous solutions. Two sharply-marked emission spectra about 405 nm and 485 nm, and an isoemission point between them were observed when the water content was changed from 1 -10%. At the same time no changes of the absorption spectra were seen in any of the tested solutions.
The phenomenon was interpreted as the result of an equilibrium between two tautomeric forms of the umbelliferone molecule in the excited state S. The suggested excited tautomeric forms clearly exhibit differences in their electron clouds and dipole moments. (The calculations were carried out by the PPPCI method.) The phototautomer with the larger separation of the charges has a considerably larger calculated dipole moment (4.26 D) than the other one (2.61 D).
Theoretical Considerations
In papers [2, 3] it was established that there exists an equilibrium of conformers dependent on the properties of the medium and on the polarity of the solution in particular.
Abraham [2] derived an equation for the difference of the energies of two forms in solution. If the term due to quadrupole interaction is ignored, the equation is
(1) where, s is the dielectric constant of the binary solvent, a the mean polarizability of the dissolved molecule,
and "r" the mean distance between the point dipoles of dissolved molecules and 6 solvent molecules in an octahedral arrangement. In Eq.
(1) the first term in the braces is due to the interaction between the polarizable dipolar molecule (with I > 0) and the surrounding dielectric solvent, and the second term represents the energy of the electrostatic dipole-dipole interaction between the solute and solvent molecules averaged over all possible orientations of molecules.
For a binary solvent, the mean square dipole moment is given by /^S 2 = «1 fll 2 + X2 /U2 2 where x\ and x2 = 1 -x\ are the mole fractions of the solvent constituents.
The population ratio of the two forms in the state of thermodynamic equilibrium is
where zl$ s and AE S are the entropy and the energy differences of the respective forms in the solution. From Eqs. (2) and (1) we obtain the relation
In (Na/Nb) = (T AS*-AE y /kT)
Thus, if is supposed to be independent of x\, the dependence of
should be linear.
Our work aims at examining this dependence for the tautomeric equilibrium of umbelliferone in the state Si, in aqueous-ethanol solutions with a water content of 1 -10 volume %.
The population ratio of the tautomeric forms, i.e. of the excited umbelliferone (A) and the phototautomer (B) for each of the solutions was calculated from their emission spectrum [1] .
The intensity of fluorescence F for solutions with no chemical reaction in the excited state can be presented as
where X is the exciting wavelength, X' the wavelength of the emission spectrum which is being analized, w the gauge constant, IQ the intensity of the exciting light, k(X) the absorption coefficient of the solution, c the concentration of the solute, 0o the quantum efficiency of luminescence, and /Q the quantum normalized distribution function.
If there occur two different luminous forms in the excited state, and the emission spectra of these are sufficiently separated so that there are two wavelengths X'A and X'B for which the emission signal comes from one of them only, then 
wh{X)k{X) 0$H(XB)C = KB,
From the above two equations we obtain thus
FB (X, X'B) = KB -(KBJKA) FA (X, X'A).

Calculated Results
A plot of FB{X, XB) against FA(X, X'A) for XB -485 nm and X'A = 405 nm, with X = 324 nm and c = 5 • IO-5 m/1 in solutions of 3, 5, 7, 8,10 volume% water in ethanol is presented in Figure 1 . The straight line in Fig. 1 is a least-squares fit. From its slope KBjKA can be determined, and then xA/xB for each solution from the equation
KB/KA = 7.545 and the In xB/xA values listed in Table 1 The radius "a" was evaluated on the assumption that the a^r and using the simplified formula
where M is the molecular weight, N Avogadro's number and q the density of the dissolved substance. Thus we have obtained a 3 = 5.212 cm 3 . b) The parameters change with the composition of the solution (Table 1) .
From the slope of the straight line in Fig. 2 , {/u% -/u\)la 3 JcT ==5.77 was obtained. The theoretical value of this expression with / LIB = 4.26 D and //A = 2.61D becomes 5.38. The correctness of (/u% -/u\)la 3 JcT is limited due to an about 10% error in the evaluation of "a".
Concluding Remarks
The present work involves a number of simplifying assumptions: 1) the entropy zl$ s remains constant, independently of the solvent polarity; 2) the quadrupole interactions are neglected; 3) a complicated radial distribution is replaced by an octahedral solvent cage model with constant dimensions.
Nevertheless, the possibility of obtaining a straight line (Fig. 2 ) with parameter 6 =|=0 shows that the dipole-dipole interaction with the polar solvent molecules plays a decisive role in the stabilization of the assumed tautomeric forms in ethanol-aqueous solutions.
Thus, the present calculation corroborates our hypothesis [1] about the existance of two tautomeric forms of umbelliferone in the excited state which are in an equilibrium.
